Identification of Streptococcus sobrinus is often difficult to perform because of the great resemblance of the organism to other oral streptococcal species. Therefore, monoclonal antibodies were prepared which were shown to be highly specific for S. sobrinus. Cross-reactivity with other oral microorganisms has not been observed in an enzyme-linked immunosorbent assay and an immunofluorescence assay. These monoclonal antibodies belonged to the subclass immunoglobulin G2b. To be certain that the strains used in cross-reactivity tests were S. sobrinus, their DNA base composition was measured as a golden standard. Additional tests like colony morphology and sugar fermentation with the API 20 Strep system (Analytab Products, MontalieuVercieu, France) were performed. These additional tests turned out to be necessary because 100% correct identification could not be obtained by separate tests. Immunological characterization with the clones OMVU10 and OMVU11 proved to be discriminative between S. sobrinus and other streptococcal species.
Streptococcus sobrinus, previously called Streptococcus mutans serotype d/g, is known to be cariogenic in animals (18) . It has been found in higher numbers in dental plaque from humans with active caries than from caries-free individuals (11) (12) (13) . These results suggest that S. sobrinus may be more cariogenic than other members of the S. mutans group.
It is evident that for an evaluation of the role of S. sobrinus in dental caries, a reliable method for identification and quantification is required (26) . Mitis-salivarius bacitracin agar (MSB) is often used for the isolation of streptococci of the S. mutans group. However, this selective medium is not suitable for direct identification of S. sobrinus and, moreover, strongly inhibits its growth (8, 14, 15, 21, 25, 27, 29) . Therefore, S. sobrinus may be easily missed when this medium is used. A recently developed selective Trypticaseyeast-cystine-sucrose-bacitracin agar (TYCSB) has been reported to be more suitable for the isolation and identification of S. sobrinus colonies which exhibit a "halo" on it (21, 27) . On the other hand, antisera have proved to be useful for the identification of pathogenic bacteria in dental plaque samples (2, 9, 19, 20) . Monoclonal antibodies (MAbs) have also been used for this purpose (3, 23) .
The aims of this study were (i) to produce MAbs against S. sobrinus that were highly specific and therefore suitable for identification purposes, and (ii) to compare the results with commonly used identification methods, such as sugar fermentation, colony morphology on selective media, and guanine plus cytosine content determination of the DNA.
MATERIALS AND METHODS
Bacterial strains. The microorganisms used in this study are listed in Table 1 The titer of HCS was defined as the dilution by which the OD of the ELISA was two times the OD of the negative control. Clones which were specific for S. sobrinus were detected by their positive reactions in ELISA with S. sobrinus and by their negative reactions with other streptococci.
Screening of the microorganisms was performed by ELISA. A positive ELISA was defined as an OD of 0.5 or greater at an HCS dilution of 1:1,000. " The various oral microorganisms tested were S. ferus 8S1 (3) and HD3 (2); S. macacae H1569 (3); Streptococcus sanguis I and II HG168, HG169, HG310, HG311, HG533, HG536, HG857, and HG865 (7); Streptococcus mitis HG170, HG178, and HG467 (7); Streptococcus milleri HG293, HG294, and HG587 (7); Streptococcus sdlivarius HG668 (7); Streptococcus pyogenes HG228 and HG336 (7); Streptococcus morbillorum HG858 and HG874 (7); Actinomyces viscosus HG484 (NY334; 5); Lactobacillus case HG498 (7); Bacteroides gingivalis HG762 (7); Bacteroides melaninogenicus HiG753 (7) ; Bacteroides intermed us HG763 (7); Capnocytophaga ochracea HG347 (7); and Candida albicans HG428 (7) . These strains were tested for reactivity on ELISA and immunofluorescence only.
Immunofluorescence assay. The immunofluorescence assay used in this study was performed with pure and mixed bacterial cultures. The method used was a modification of that described by Mouton et al. (19) . Briefly, bacterial suspensions were diluted to an OD at 650 nm of 0.1. The suspensions wère placed on objective slides (XBM-302-89912; Bio Merieux) and dried at 70'C for 1 h. Then the slides were incubated for 1 h at room temperature with 40 ,ul of an antibody dilution (clone OMVUiO; 1:500 in PBST). After the slides were washed, 40 ,uI of fluorescein isothiocyanate-conjugated, affinity-purified goat anti-mouse immunoglobulin G (IgG; Bio Makor) was added and incubated for 1 h at room temperature. The slides were examined with a fluorescence microscope at 490 nm.
IDENTIFICATION OF S. SOBRINUS 2287
Guanine plus cytosine content determination. To identify strains as S. sobrinus, the guanine plus cytosine content of their DNA was examined. This method was used, together with determination of sugar fermentation and colony morphology, to obtain a reliable identification. DNA was isolated as described by Meyer and Schleifer (17) . After the cells were harvested they were incubated with lysozyme. Lysis was achieved by shaking the cells with glass beads (diameter, 0.13 mm) for 15 min. After extractions with phenol and chloroform, DNA was precipitated by adding cethyltrimethylammonium bromide and isopropanol. The purity and concentration was measured by determination of the OD at 260 and 280 nm. The DNA was considered to be pure when a ratio of the OD at 260 nm/OD at 280 nm of 1.8 or higher was obtained. Buoyant density centrifugation was performed essentially as described by Mandel et al. (16) and Van Steenbergen et al. (28) .
Other identification methods. Determination of acid production from sugars was performed with the API 20 Strep system (Analytab Products, Montalieu-Vercieu, France), according to the recommendation of the manufacturer. The identification of the strains was based on the criteria described by Beighton et al. (1) .
Determination of colony morphology was performed on two selective media, TYCSB and TSY20B. On these media the presence of a halo has been reported to be characteristic for S. sobrinus (21, 27) .
RESULTS
Isolation of MAbs. MAbs were isolated by limiting dilution. About 250 wells which contained hybridomas were screened for antibody activity against strain HG459. Two wells turned out to be positive in an ELISA. After subcloning, two clones producing MAbs were isolated: OMVU1O and OMVU11. The subclass for both clones was IgG2b, as determined in an ELISA with subclass-specific antisera. For identification of oral bacteria, the HCS method was used. The HCS titer was 1:3,000 for all S. sobrinus strains tested (Fig. 1) . Cross-reactivity with strains other than S. sobrinus was not observed (Table 1) .
To verify the accuracy of previous identification methods, the DNA base composition was determined (Table 1 ). All strains which fitted within a G+C range of 43.5 to 46% proved to be positive by ELISA for our MAbs.
The results of the characterization by sugar fermentation with the API 20 Strep system are listed in Table 1 . Because acid production from inulin and raffinose was variable both for some S. sobrinus and for some S. mutans strains, S. sobrinus strains could not always be distinguished from S. mutans strains by sugar fermentation alone.
Discrimination between S. sobrinus and Streptococcus rattus was possible by means of the API 20 Strep system. All S. rattus strains were positive for arginine hydrolysis, while the other strains tested were not. The results of colony morphology on TYCSB and TSY20B plates are listed in Table 1 . Strains HG456, HG596, and HG690 did not present a halo on TSY20B. They did, however, present a halo on TYCSB, but only after 4 days of incubation. Strains HG688, HG689, and HG707 did not present a halo on either medium, while strain HG716 did not grow on either medium. In double-blind experiments two observers could not reliably identify S. sobrinus colonies by detection of a halo, because the haloes were too small (results not shown). We conclude that this method is unsuitable for unknown samples. 
DISCUSSION
S. mutans was previously considered to be one species. Later, the species proved to be heterogeneous and to consist of at least eight serotypes (2, 20) . On the basis of DNA homology studies, however, the S. mutans group was divided into six different species (1, (4) (5) (6) 22) . Because three of these species, S. mutans, Streptococcus ferus, and Streptococcus macacae, have serotype c antigens, classification of serotypes is insufficient. Routine identification methods with selective media and sugar fermentation are, however, insufficient to distinguish among the different species (20, 29) . The aim of the present study was to develop a method to identify S. sobrinus strains from dental plaque by nonselective cultural procedures. In this study we have reported the production of two MAbs, clones OMVU10 and OMVU11, which can be used for the determination of S. sobrinus.
Isolation of S. sobrinus can be achieved by using MSB or TYCSB agar. For accurate bacterial counts, however, these media are not trustworthy, because the recovery of S. sobrinus on MSB agar has been reported to be poor (21, 29) , and some S. sobrinus strains do not grow on TYCSB and TSY20B (Table 1) . Moreover, the existence of a halo around S. sobrinus colonies is not an invariable characteristic of S. sobrinus, because we have shown that some strains did not produce a halo, while some produced haloes which were so small that they might easily have been missed.
The most reliable method for identification of streptococci is the study of DNA homologies, but this technique is too cumbersome for routine use (6) . In combination with sugar fermentation reactions, S. sobrinus can be distinguished from S. mutans by means of the DNA base composition analyses.
Identification with the API 20 Strep system was based on the criteria of Perch et al. (20) , Facklam (10) , and Beighton et al. (1) . S. mutans should produce acid from inulin and raffinose, while S. sobrinus should not. On this basis, 10% of our S. mutans strains and 15% of our S. sobrinus strains would have been incorrectly identified, and 20% of both S. mutans and S. sobrinus strains would not have been identified because they failed to produce acid from one of the two sugars.
These problems with the identification of S. sobrinus strains can be avoided by the use of the MAbs described in VOL. 25, 1987 this report. The MAbs OMVU10 and OMVU11 were raised against S. sobrinus serotype g, but cross-reactivity with strains of S. sobrinus serotype d was observed (Table 1) . This is in accordance with results of other studies (24) , in which it has been shown that serotypes d and g are crossreactive (24) . Even strain HG707, which is identical to strain SL-1 and which has been reported to be nonserotypable (5) , reacted positively in our ELISA with clones OMVU10 and OMVU11. Cross-reactivity with other oral species could not be detected by ELISA and an immunofluorescence assay.
The use of the clones OMVU10 and OMVU11 in an ELISA or in an immunofluorescence assay has, to date, allowed us to identify all S. sobrinus strains within 2 days.
Therefore, identification methods based on immunological staining with clone OMVU10 and OMVU11 enable quick and reliable identification of S. sobrinus. At present we are developing those methods to make large-scale epidemiological studies possible.
